A useful guide for the direction of future comparison with a priori reasoning and preagricultural policy on energy requires, in part, vious studies, statistical significance of the detailed knowledge of the demand for different estimates, and explanatory power of the estitypes of energy in different types of agriculmated relationships [8]. The mathematical ture. Two approaches have been used in examform chosen for the gasoline and diesel fuel ining these demand relationships: (1) projectdemand relationships was linear in double ing total agricultural energy requirements, allogarithms although linear actual variate and locating these requirements among different semilogarithmic functional forms also were agricultural subsectors, and estimating energy considered. The following statistical models use in different agricultural enterprises [3][4][5] 7];
A useful guide for the direction of future comparison with a priori reasoning and preagricultural policy on energy requires, in part, vious studies, statistical significance of the detailed knowledge of the demand for different estimates, and explanatory power of the estitypes of energy in different types of agriculmated relationships [8] . The mathematical ture. Two approaches have been used in examform chosen for the gasoline and diesel fuel ining these demand relationships: (1) projectdemand relationships was linear in double ing total agricultural energy requirements, allogarithms although linear actual variate and locating these requirements among different semilogarithmic functional forms also were agricultural subsectors, and estimating energy considered. The following statistical models use in different agricultural enterprises [3] [4] [5] 7] ;
were formulated and estimated. and (2) linear programming (LP) or constrained Gasoline input-output (I/O) analyses to assess impacts of high energy prices and quantity restrictions L = LnA + ACRE, on agricultural activities [2, 6, 12, 16] . How-nQ -+ 3LnA + ever, these approaches usually require some P 2 LnRPCRi t + P 3 LnRPGSt + stringent assumptions which limit the applicability of the results, and they provide little in-( 4 LnRPGSi (t. 5 + D 5 LnRPDFL, it.5) + formation about the economic factors that in-3 6 LnRWPFRit + P 7 LnINTERi + fluence the demand for various types of energy. In short, the two approaches may be too restrictive to portray adequately the range () LnRLAB + 9 LnRPLND + of opportunity and response open to the agrio 0 LnPRECIPit + 1 iLnTEit + it cultural sector. Emphasis needs to be given to those approaches which can provide informaDiesel Fuel tion about the economic structure of energy use in the agricultural sector. All data used were pooled quarterly time-RPGS,(t-3) = the real average price of gasoseries, cross-sectional observations taken from line paid by farmers in time the period 1971 through 1976. Real prices were period t-3 (bulk delivery, cents obtained by deflating actual prices by the per gallon) wholesale price index (1967=100). The disturRPGSit= 5 )= the real average price of gasobance terms, Eit in (1) and uit in (2), were asline paid by farmers in time sumed to follow a different first-order autoreperiod t-5 (bulk delivery, cents gressive scheme for each cross-section and per gallon) were specified as cross-sectionally RPDFLit = the real average price of diesel heteroscedastic and mutually correlated. A fuel paid by farmers in the curgeneralized least squares (GLS) procedure was rent time period (cents per galused to obtain asymptotically efficient, asymplon) totically normal, and consistent estimators of RPDFLit 3) = the real average price of diesel the parameters. Under the assumption that the fuel paid by farmers in time supply relationships of gasoline and diesel fuel period t-3 (cents per gallon)
were perfectly elastic, a single equation apRPDFLi, t5) = the real average price of diesel proach rather than a simultaneous equation fuel paid by farmers in time approach was warranted. The estimated coefficients and standard ercharged farmers by Producrors of the gasoline and diesel fuel demand relation Credit Associations (pertionships are shown in Tables 1 and 2 . The cocent) efficients of determination, R 2 , were .973 and RPLABOit = the real average price of farm .841 respectively in the gasoline and diesel fuel labor (field workers, dollars per demand relationships. The adjusted coeffihour) cients of determination, R 2 , were respectively RPLNDt = the real average price of farm .971 and.
land and buildings (dollars per
The .10 level of significance was chosen for acre) the F-tests and the t-tests. Because the F-tests PRECIPit = the average number of inches were statistically significant, the amount of of rainfall variation in the quantities of gasoline and TEit = the ratio of diesel fuel tractors diesel fuel purchased accounted for by the set to gasoline tractors in the U.S.
of exogenous variables was judged to be signif-(no units) 5 icantly different from zero. In the gasoline i = a subscript denoting crop redemand relationship, the estimated coefficient 2A one-to-one correspondence between the number of cropland acres and farmers' purchases of gasoline and diesel fuel were assumed. It was also assumed that farmers' sources of fossil energy did not influence the quantities purchased.
'A weighted average price of farm output was developed from the quantities produced and season average prices received by farmers for corn, winter wheat, soybeans, peanuts, flue-cured, fire-cured, sun-cured, and burley tobacco, and hay. The selection of these crops was based on their importance to Virginia agriculture. In addition, farmers who raise these crops were the key users of gasoline and diesel fuel in agricultural production.
'A weighted average price of fertilizer was developed from the quantities consumed and prices paid by farmers for ammonium nitrate (33.3%N), superphosphate (20%PO,), and muriate of potash (60%K0,).
5Gasoline and diesel fuel tractor numbers were not available for Virginia, and the diesel fuel/gasoline tractor ratios for the U.S. and Virginia were assumed to he identical.
6The estimated variances and standard errors of the estimated coefficients were estimates o asynptotic variances and standard errors. The generalized least squares algorithm used to obtain parameter estimates of the statistical models did not calculate R . R, and F-values. These values were calculated from the information provided by the algorithm. However, not enough information was available to calculate the exact Rt R , and F-values. of the real price of gasoline in the current perBecause the double logarithmic mathematiiod and the estimated coefficient of the interest cal form was used in estimating the gasoline rate were judged to be not significantly differand diesel fuel demand relationships, the estient from zero. All other factors were mated parameters of the empirical variables statistically significant in accounting for the represent elasticities. 7 The estimates of the variation in the quantity of gasoline purelasticities should be interpreted with some dechased. The signs of the estimated coefficients gree of caution. The interpretation of any coefconformed to a priori assumptions and hypoficient involves the assumption that ceteris theses with the exception of the estimated paribus conditions hold with respect to all coefficient of the ratio of diesel fuel tractors to other empirical variables in the statistical gasoline tractors. In the diesel fuel demand remodel. In addition, the parameter estimates lationship, the estimated coefficient of the real are applicable only within the range of data price of diesel fuel in the current period and the used in this study. Any projections outside the estimated coefficient of the real price of fertirange of these data must be made with extreme lizer were judged to be not significantly differcircumspection. Nevertheless, the estimates of ent from zero. All other factors were statisticthe elasticities are very useful in providing inally significant in accounting for the variation sights as to the relative responsiveness of in the quantity of diesel fuel purchased. Except farmers to relative price changes and changes for the estimated coefficient of precipitation in certain other measurable variables. and the estimated coefficient of the real price Gasoline and diesel fuel purchases were not of diesel fuel in the current period, the signs of influenced by changes in the current real prices the estimated coefficients were consistent with of gasoline and diesel fuel. However, though previous assumptions and hypotheses.
farmers were somewhat passive in reaction to 7The double logarithmic transformation corresponds to the assumption of a constant elasticity.
increases in the real prices of these fuels in the and labor. In contrast, the negative relationcurrent period, they were responsive to such ship between the real price of fertilizer and the increases when given time to adjust their use quantity of gasoline purchased indicated that patterns. The lagged response to changes in fertilizer was a complementary factor to gasothe real prices of gasoline and diesel fuel may be line in agricultural use. However, fertilizer and due to capital costs and production costs indiesel fuel were unaccountably independent volved in changes in management practices, factors because the quantity of diesel fuel purlags in the production process, imperfect chased was not influenced significantly by a knowledge, uncertainty, rigidities and stickichange in the real price of fertilizer. Further, ness in the economy, technical factors, psychothe quantities of gasoline and diesel fuel purlogical factors, and other factors. It has been chased for agricultural use were affected posiargued that the weights associated with tively by a change in cropland acreage. An invarious lagged variables are an empirical issue crease (decrease) in scale of operation or farm [1] .
size is likely to result in increased (decreased) The lagged variables for the real prices of purchases of gasoline and diesel fuel. gasoline and diesel fuel were different in the Because diesel engines have been two demand equations. The finding that a substituted for gasoline engines in agricultural given percentage increase in the real price of machinery, the ratio of diesel fuel to gasoline gasoline resulted in a greater percentage detractors represented a very particular type of crease in the quantity of gasoline purchased technological change. A given percentage inindicated an elastic response of farmers to crease in this ratio generated a smaller perchanges in the real price of gasoline. Similarly, centage increase in the quantities of gasoline farmers showed an elastic response to changes and diesel fuel purchased for agricultural use. in the real price of diesel fuel.
Although diesel engines had been substituted The cross-price elasticity of the quantity of for gasoline engines, farmers nevertheless used gasoline purchased with respect to the real gasoline in their trucks and automobiles. price of diesel fuel was 0.79, and the crossFurther, a shift from gasoline to diesel powered price elasticity of the quantity of diesel fuel equipment involves a major capital purchased with respect to the real price of expenditure on the part of farmers. Farmers gasoline was 1.92. Gasoline and diesel fuel were more willing to make the substitution to were substitutes for each other in agricultural diesel powered machinery when interest rates use. The adjustment periods required for were relatively low than when interest rates farmers to generate responses to changes in were relatively high. The quantity of gasoline the real price of gasoline and diesel fuel were 9 purchased, however, was not influenced signifmonths and 15 months, respectively. Finally, icantly by a change in the interest rate charged the magnitude of the responses of farmers to farmers. Finally, from common knowledge, such price increases suggested that net farm when farmers use their machinery and equipincome would rise, all other factors being nonment in field operations in wet weather, the variant.
quantities of gasoline and diesel fuel used A given percentage increase in the real price increase. The quantity of gasoline demanded of farm output generated a larger percentage was influenced positively by a change in preincrease in the quantity of diesel fuel purcipitation, but the quantity of diesel fuel dechased and a smaller percentage increase in manded was influenced negatively by a change the quantity of gasoline purchased. The posiin precipitation. Evidently, in dry weather, tive influence of the real price of farm output farmers used a proportionally larger quantity on the quantities of gasoline and diesel fuel of diesel fuel in crop irrigation systems. purchased indicated that these fuels, as expected, were not inferior inputs. An increase in the agricultural use of gasoline and diesel CONCLUSIONS AND SUGGESTIONS fuel would be associated with an increase in FOR FURTHER RESEARCH farm output.
The positive influence of the real price of The quantity of diesel fuel purchased was labor and the positive influence of the real price more sensitive, in terms of magnitude of reof land and buildings on the quantities of gasosponse, to changes in economic factors and line and diesel fuel demanded indicated that other variables than was the quantity of gasoland and labor were substitutes for these fuels line purchased. Farmers were responsive to inin agricultural use. Agricultural producers had creases in the real prices of gasoline and diesel recognized the relatively low real prices of fuel when given time, specifically 9 to 15 gasoline and diesel fuel and, behaving rationalmonths, to adjust their usage patterns. Hence, ly, they substituted these fossil fuels for land the allocation of gasoline and diesel fuel for agricultural use may be accomplished through ties of gasoline and diesel fuel demanded for market forces only after a period of 9 to 15 agricultural use. Price support programs for months, an important implication for public farm products thus appear to be in conflict policy. However, changes in factors other than with energy conservation programs. real energy prices, namely the real prices of Perhaps the most important contribution of labor, land and buildings, farm output, fertilizthis research is the indication that the agriculer, the number of cropland acres, the ratio of tural sector in Virginia adjusts to changes in diesel fuel tractors to gasoline tractors, the economic factors and other variables interest rate charged farmers, and precipitainfluencing the demand for gasoline and diesel tion also affected the quantities of gasoline and fuel. Nevertheless, problem areas persist about diesel fuel purchased.
which information and understanding are lack-A potential increase in the nominal price of ing. Because real price changes affect the quangasoline by as much as 50 cents per gallon over tity of gasoline and diesel fuel demanded for a period of 10 years was suggested by Presiagricultural use, the effects in different types dent Carter. If one assumes that the Presiof agriculture merit investigation. For dent's proposal might result in a 2 to 4 percent example, there is no reason to believe that increase in the real price of gasoline and diesel dairy producers, tobacco producers, or wheat fuel per year for the next 10 years, the quantity producers will respond to energy price changes of gasoline purchased for agricultural use may in the same fashion. Thus, to really understand decrease by 5 to 10 percent and the quantity of the impacts of increased energy prices, one diesel fuel purchased for agricultural use may needs to know how different types of farmers increase by 15 to 30 percent by 1987, all other in Virginia respond to changes in the prices of factors being invariant, gasoline, diesel fuel, and other sources of Doubling the real prices of these fuels, energy. Further, estimation of the demand receteris paribus, may generate a 27 percent delationships for fossil energy in food processing crease in the quantity of gasoline purchased in and distribution in Virginia and for fossil 15 months and an 83 percent increase in the energy in the agricultural sector in other requantity of diesel fuel purchased in 9 months.
gions of the U.S. is worthwhile. In addition, it In short, producers and distributors of fossil may be of interest to incorporate the beenergy may change future production and dishavioral characteristics of the management tribution levels of gasoline and diesel fuel for factor in the gasoline and diesel fuel demand the agricultural sector when changes in the relationships. Finally, the forecasting of gasoreal prices of these fuels occur.
line and diesel fuel consumption in the agriculSupporting the price for farm output above tural sector in Virginia warrants attention. the market clearing price augments the quanti-
